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(57) ABSTRACT

A vehicle driving apparatus includes: a rotating machine; a
cover covering the rotating machine and including a thick
portion having a predetermined thickness in a direction of a
rotation axis of the rotating machine; an oil pump attached
to the cover; and a relief valve provided in the cover, and
configured to discharge an oil supplied from the oil pump.
The relief valve includes a cylinder room that is provided in
the thick portion. The thick portion is provided with at least
one cutout extending from an inner wall of the cylinder room
in a direction substantially perpendicular to the rotation axis.
The cover is provided with at least one rib each of which is
disposed in a position opposed to a corresponding one of the
at least one cutout and extends in the direction of the rotation

axis.

5 Claims, 5 Drawing Sheets
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1
REFLIEF VALVE CONFIGURATION IN
VEHICLE DRIVING APPARATUS

This application claims priority from Japanese Patent
Application No. 2021-116009 filed on Jul. 13, 2021, the
disclosure of which is herein incorporated by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates to a vehicle driving appa-
ratus including a rotating machine.

BACKGROUND OF THE INVENTION

There is known a vehicle driving apparatus that includes
a rotating machine. JP 2021-55723 A discloses an example
of such a vehicle driving apparatus in which a cover, which
covers the rotating machine and an oil pump, is provided
with a relief valve that is configured to discharge an oil
supplied from the oil pump when a hydraulic pressure of the
oil is excessively high.

SUMMARY OF THE INVENTION

By the way, in the vehicle driving apparatus disclosed in
the above-identified Japanese Patent Application Publica-
tion, the oil discharged from a discharge port of the relief
valve is not adapted to be released toward the rotating
machine, so that the rotating machine cannot be efficiently
cooled by the oil discharged from the relief valve.

The present invention was made in view of the back-
ground art described above. It is therefore an object of the
present invention to provide a vehicle driving apparatus
including a rotating machine and a relief valve that is
configured to discharge an oil supplied from the oil pump
when a hydraulic pressure of the oil exceeds a predeter-
mined value, wherein the vehicle driving apparatus is
capable of efficiently cooling the rotating machine by the oil
discharged from the relief valve.

The above is object is achieved according to the following
aspects of the present invention.

According to a first aspect of the invention, there is
provided a vehicle driving apparatus comprising: a rotating
machine; a cover covering the rotating machine and includ-
ing a thick portion having a predetermined thickness in a
direction of a rotation axis of the rotating machine; an oil
pump attached to the cover; and a relief valve provided in
the cover, and configured to discharge an oil supplied from
the oil pump when a hydraulic pressure of the oil exceeds a
predetermined value, wherein the cover is disposed to be
adjacent to the rotating machine in the direction of the
rotation axis of the rotating machine, and has an attitude
substantially perpendicular to the rotation axis, wherein the
relief valve includes a cylinder room that is provided in the
thick portion, wherein the thick portion is provided with at
least one cutout extending from an inner wall of the cylinder
room in a direction substantially perpendicular to the rota-
tion axis, and wherein the cover is provided with at least one
rib each of which is disposed in a position opposed to a
corresponding one of the at least one cutout and extends in
the direction of the rotation axis.

According to a second aspect of the invention, in the
vehicle driving apparatus according to the first aspect of the
invention, the at least one cutout extends along a straight line
which passes a center of the cylinder room and which is
substantially perpendicular to the rotation axis, as viewed in
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the direction of the rotation axis, wherein the at least one rib
overlaps with the straight line, as viewed in the direction of
the rotation axis.

According to a third aspect of the invention, in the vehicle
driving apparatus according to the first or second aspect of
the invention, the at least one cutout includes a first cutout
and a second cutout that are disposed in respective positions
that are symmetrical with each other with respect to a center
of the cylinder room, as viewed in the direction of the
rotation axis, wherein the at least one rib includes a first rib
and a second rib that are disposed in respective positions that
are opposed to the first cutout and the second cutout,
respectively, as viewed in the direction of the rotation axis.

According to a fourth aspect of the invention, in the
vehicle driving apparatus according to any one of the first
through third aspects of the invention, the relief valve
includes: a sleeve which is disposed inside the cylinder room
and which is slidable relative to the inner wall of the cylinder
room; a spring which is disposed inside the sleeve and which
forces the sleeves toward a valve closing position that closes
the relief valve; and a plate member which is attached to a
top portion of the thick portion and which closes an opening
of the cylinder room.

According to a fifth aspect of the invention, in the vehicle
driving apparatus according to the fourth aspect of the
invention, the plate member, which is attached to the top
portion of the thick portion, includes a bent portion that is
fitted in one of the at least one cutout.

In the vehicle driving apparatus according to the first
aspect of the invention, when the hydraulic pressure of the
oil supplied from the oil pump exceeds the predetermined
value, the relief valve is opened whereby the oil is dis-
charged through the at least one cutout provided in the thick
portion. Since each of the at least one rib is disposed in the
position opposed to the corresponding one of the at least one
cutout, the oil discharged through the at least one cutout
collides with the at least one rib whereby a direction of flow
of the oil is changed to the direction of the rotation axis.
Consequently, the oil is released toward the rotating machine
in the direction of the rotation axis so that the rotating
machine can be efficiently cooled by the oil.

In the vehicle driving apparatus according to the second
aspect of the invention, the at least one cutout extends along
the straight line which passes the center of the cylinder room
and which is substantially perpendicular to the rotation axis,
so that the oil discharged from the cylinder room through the
at least one cutout is released along the straight line. Further,
the at least one rib is disposed in a position that overlaps with
the straight line, so that the oil discharged through the at
least one cutout collides with the at least one rib whereby the
direction of flow of the oil is changed by the at least one rib
to the direction of the rotation axis.

In the vehicle driving apparatus according to the third
aspect of the invention, the at least one cutout includes the
first and second cutouts that are disposed in the respective
positions that are symmetrical with each other with respect
to the center of the cylinder room, as viewed in the direction
of the rotation axis, so that the oil is discharged through the
first and second cutouts disposed in the respective positions
that are symmetrical with each other. Consequently, it is
possible to suppress inclination of each component of the
relief valve which is disposed in the cylinder room, and
accordingly to reduce wear that could be caused by collision
of' the inclined component with the inner wall of the cylinder
room.

In the vehicle driving apparatus according to the fourth
aspect of the invention, the relief valve is normally placed in
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its closed state with the sleeve being forced by the spring
toward the valve closing position, and is switched to its open
state with the sleeve being moved against basing force of the
spring toward a valve opening position that opens the relief
valve when the hydraulic pressure of the oil supplied from
the oil pump exceeds the predetermined value. Thus, the
relief valve is practically useful owing to the arrangement in
which the relief valve is switched between the closed and
open positions depending on the hydraulic pressure of the oil
supplied from the oil pump.

In the vehicle driving apparatus according to the fifth
aspect of the invention, the plate member is prevented from
being rotated, by the bent portion of the plate member that
is fitted in the cutout, so that the plate member can be fixed
to the thick portion even with a single screw bolt.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view schematically showing construction of a
vehicle driving apparatus to which the present invention is
applied;

FIG. 2 is a view showing a casing cover shown FIG. 1, as
seen in a direction parallel to a first axis;

FIG. 3 is a cross-sectional view taken in a line A-A shown
in FIG. 2;

FIG. 4 is an enlarged view of a relief valve shown in FIG.
3;

FIG. 5 is a view showing the relief valve, as seen in a
direction perpendicular to a mating surface of the casing
cover;

FIG. 6 is a perspective view of the relief valve;

FIG. 7 is a view, as seen in the direction perpendicular to
the mating surface of the casing cover, as the view of FIG.
5, showing a state in which a plate member, a sleeve and a
spring are removed; and

FIG. 8 is a cross-sectional view taken in a line B-B shown
in FIG. 7.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

Hereinafter, a preferred embodiment of the invention will
be described in detail with reference to the accompanying
drawings. The figures of the drawings are simplified or
deformed as needed, and each portion is not necessarily
precisely depicted in terms of dimension ratio, shape, etc.

Embodiment

FIG. 1 is a view schematically showing construction of a
vehicle driving apparatus 10 to which the present invention
is applied. The driving apparatus 10 is configured to transmit
powers of drive power sources in the form of an engine 12
and a second rotating machine MG2, to right and left front
wheels 147, 14/ (hereinafter referred simply to as “front
wheels 14” unless they are to be distinguished from each
other). The driving apparatus 10 is to be advantageously
used for a hybrid vehicle with FF (front engine/front drive)
system. It is noted that the term “power” corresponds to
“force” or “drive power” in description of the present
specification.

The driving apparatus 10 includes an input shaft 22
disposed to be rotatable about a first rotation axis CL1
(hereinafter referred to as “first axis CLL1”), a power trans-
mission shaft 24 disposed to be rotatable about a second
rotation axis CL2 (hereinafter referred to as “second axis
CL2”), a counter shaft 26 disposed to be rotatable about a
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third rotation axis CL3 (hereinafter referred to as “third axis
CL3”), a differential device 28 disposed to be rotatable about
a fourth rotation axis CL4 (hereinafter referred to as “fourth
axis CL4”) and right and left front axles 307, 30/ disposed
to be rotatable about the fourth axis CL4. A planetary gear
device 32, a first rotating machine MG1 and an output gear
34 are disposed to be coaxial with the input shaft 22 and are
located radially outside the input shaft 22. A reduction gear
36 is disposed on the power transmission shaft. The second
electric motor MG2 is connected to an axial end portion of
the power transmission shaft 24 in a power transmittable
manner. A counter gear 38 meshing with the output gear 34
and a differential drive gear 42 meshing with a differential
ring gear 40 of the differential device 28 are disposed on the
counter shaft 26. All of these rotary members are disposed
inside the casing 44 as a non-rotary member. Since the first,
second, third and fourth axes CL1, CL2, CL3, CL4 are
parallel to one another, directions of the respective first,
second, third and fourth axes CL1, CL2, CL3, CL4 are the
same as one another. Hereinafter, each of the directions of
the respective first, second, third and fourth axes CL1, CL2,
CL3, CL4 will be referred to as “the direction of the rotation
axis CL”.

Each of the first and second rotating machines MG1, MG2
may be an electric motor having a function of a motor
operable to convert an electric energy into a mechanical
drive power and/or a function of a generator operable to
convert a mechanical drive power into an electric energy,
and preferably, is a motor generator having both of the
functions so as to be operated as a selected one of the motor
and the generator. In the present embodiment, the first
rotating machine MG1 has a function of an electric genera-
tor operable to receive a reaction force from the engine 12,
and a function of a rotating machine operable to start the
engine 12 while the engine 12 is at rest. Meanwhile, the
second rotating machine MG2 has a function of an electric
motor functioning as a drive power source to generate a
drive power, and a function of an electric generator operable
to perform a regenerative operation for converting a reverse
drive power received from the front wheels 14, into an
electric energy.

The input shaft 22 is disposed to be rotatable about the
first axis CL.1. The input shaft 22 is connected to a crank
shaft 12a of the engine 12 through members such as a
damper (not shown), in a power transmittable manner. The
input shaft 22 is held, through members such as a bearing 46,
by the casing 44 as the non-rotary member, such that the
input shaft 22 is rotatable about the first axis CL1. The
planetary gear device 32, first rotating machine MG1 and
output gear 34 are disposed to be coaxial with the input shaft
22 and are located radially outside the input shaft 22.

The planetary gear device 32, which is disposed to be
coaxial with the first axis CL1, is a single-pinion type
planetary gear device (differential mechanism) that includes
a sun gear S, a carrier CA and a ring gear R. The planetary
gear device 32 serves as a power distributing mechanism
configured to distribute the power of the engine 12 to the
first rotating machine MG1 and the output gear 34. The sun
gear S of the planetary gear device 32 is connected to the
first rotating machine MG1 in a power transmittable manner.
The carrier CA of the planetary gear device 32 is connected
to the engine 12 through, for example, the input shaft 22 in
a power transmittable manner. The ring gear R of the
planetary gear device 32 is connected to the output gear 34
in a power transmittable manner.

The first rotating machine MG1 is disposed in a position
adjacent to the planetary gear device 32, with a partition wall
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48 (that is a part of the casing 44) being located between the
first rotating machine MG1 and the planetary gear device 32
in a direction of the rotation axis CL. The first rotating
machine MG1 includes an annular-shaped stator core 50 that
is unrotatably fixed to the casing 44, an annular-shaped rotor
52 disposed on an inner peripheral side of the stator core 50,
and a rotor shaft 54 connected to an inner periphery of the
rotor 52. The stator core 50 is provided with stator coils 56
wound thereon. The rotor shaft 54 is held at its axially
opposite end portions by the casing 44 through a pair of
bearings 58a, 58b, such that the rotor shaft 54 is rotatable
about the first axis CL1.

The output gear 34 is connected to the ring gear R of the
planetary gear device 32, and meshes with the counter gear
38 that is disposed on the counter shaft 26. It is noted that
the ring gear R and the output gear 34 are formed integrally
with each other, namely, are constituted by a compound gear.

The power transmission shaft 24 is disposed to be rotat-
able about the second axis CL2, and is rotatably held at its
axially opposite end portions by the casing 44 through a pair
of bearings 70a, 705. The reduction gear 36 is disposed on
the power transmission shaft 24. The second rotating
machine MG2 is connected to an axial end portion of the
power transmission shaft 24 in a power transmittable man-
ner. The partition wall 48 is located between the second
rotating machine MG2 and the reduction gear 36 in the
direction of the rotation axis CL.

The second rotating machine MG2 includes an annular-
shaped stator core 60 that is unrotatably fixed to the casing
44, an annular-shaped rotor 62 disposed on an inner periph-
eral side of the stator core 60, and a rotor shaft 64 connected
to an inner periphery of the rotor 62. The stator core 60 is
provided with stator coils 66 wound thereon. The rotor shaft
64 is held at its axially opposite end portions by the casing
44 through a pair of bearings 68a, 685, such that the rotor
shaft 64 is rotatable about the second axis CL2.

The reduction gear 36 is formed integrally with the power
transmission shaft 24, and meshes with the counter gear 38
disposed on the counter shaft 26. The number of teeth of the
reduction gear 36 is smaller than the number of teeth of the
counter gear 38. Thus, rotation of the second rotating
machine MG2 is transmitted to the counter shaft 26 through
the reduction gear 36 and the counter gear 38, such that a
rotational speed of the counter shaft 26 is made lower than
a rotational speed of the second rotating machine MG2.

The counter shaft 26 is provided to be rotatable about the
third axis CL3. The counter shaft 26 is held at its axially
opposite end portions by the casing 44 through a pair of
bearings 73a, 73b, such that the counter shaft 26 is rotatable
about the third axis CL3. The counter gear 38 and the
differential drive gear 42 are disposed on the counter shaft
26, unrotatably relative to the counter shaft 26 that is to be
rotated about the third axis CL3.

The counter gear 38 meshes with the output gear 34 and
the reduction gear 36 so that the power outputted from the
engine 12 and/or the power outputted from the second
rotating machine M2 are to be transmitted. The differential
drive gear 42 meshes with the differential ring gear 40 of the
differential device 28. Thus, when the power outputted from
the engine 12 and/or the power outputted from the second
rotating machine M2 are transmitted to the counter gear 38
through the output gear 34 and/or the reduction gear 36, the
power or powers are transmitted to the differential device 28
through the counter shaft 26 and the differential drive gear
42.

The differential device 28 and the front axles 307, 30/ are
disposed to be rotatable about the fourth axis CL4. The
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differential device 28 is constituted by a well-known differ-
ential mechanism, and is configured to transmit the power to
the right and left axles 307, 30/ while allowing rotation of
each of the axles 30r, 30/ relative to the other of the axles
307, 30/. It is noted that detailed description of the differ-
ential device 28, which is a known device, is not provided.
The differential device 28 is held, at its opposite end portions
that are opposite to each other in the direction of the rotation
axis CL, by the casing 44 through a pair of bearings 75a,
755, such that the differential device 28 is rotatable about the
fourth axis CL4.

In the driving apparatus 10 constructed as described
above, the power of the engine 12 is transmitted to the right
and left front wheels 147, 14/ through the planetary gear
device 32, output gear 34, counter gear 38, counter shaft 26,
differential drive gear 42, differential device 28 and axles
307, 30/ in this order of description. Further, the power of the
second rotating machine MG2 is transmitted to the right and
left front wheels 147, 14/ through the rotor shaft 64, power
transmission shaft 24, reduction gear 36, counter gear 38,
counter shaft 26, differential drive gear 42, differential
device 28 and front axles 307, 30/ in this order of descrip-
tion.

The casing 44 of the driving apparatus 10 is constituted by
a housing 44a, an axle casing 445 and a casing cover 44c
that are fixed to one another. The axle casing 445 opens in
its opposite ends that are opposite to each other in the
direction of the rotation axis CL. The axle casing 446 is
fixedly connected at one of the openings to the housing 44a
through screw bolts, such that the one of the openings is
enclosed by the housing 44a. The axle casing 4456 is fixedly
connected at the other of the openings to the casing cover
44c through screw bolts, such that the other of the openings
is enclosed by the casing cover 44¢. Each of the housing 44a
and the casing cover 44c¢ has an attitude substantially
perpendicular to the rotation axis CL. It is noted that the
casing cover 44¢ corresponds to “cover (covering the rotat-
ing machine)” recited in the appended claims.

The axle casing 445 is provided with the partition wall 48
that extends in a direction substantially perpendicular to the
rotation axis CL. By provision of the partition wall 48, an
interior of the casing 44 is sectioned into a gear room 49 and
a motor room 51, such that the gear room 49 is covered by
the housing 44a and the axle casing 445 while the motor
room 51 is covered by the axle casing 445 and the casing
cover 44c¢. Various gears or devices such as the planetary
gear device 32, output gear 34, counter gear 38, reduction
gear 36 and differential device 28 are disposed in the gear
room 49. The first and second rotating machines MG1, MG2
are disposed in the motor room 51. The casing cover 44c¢ is
adjacent to the first and second rotating machines MG1,
MG?2 in the direction of the rotation axis CL.

The driving apparatus 10 further includes a mechanical oil
pump 45 which is to be driven by the engine 12. The oil
pump 45 is disposed on the first axis CL.1, and is located on
a side of one of axially opposite end portions of the input
shaft 22, which is remote from the engine 12. The oil pump
45 is attached to the casing cover 44c¢ that serves also as a
pump body. The oil pump 45 includes a drive gear (not
shown) that is connected to the above-described one of the
axially opposite end portions of the input shaft 22, so that the
oil pump 45 is to be driven by rotation of the engine 12.
Thus, with the engine 12 being rotated, the oil pump 45 is
to be driven and operated.

FIG. 2 is a view showing the casing cover 44¢ shown FIG.
1, as seen in the direction of the rotation axis CL. It is noted
that FIG. 2 shows an installed state in which the driving
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apparatus 10 is installed in a vehicle that is on a flat road
surface, and that an upward direction in the drawing sheet
corresponds to an upward direction of the driving apparatus
10 in the installed state. In FIG. 2, the first axis CL1 about
which the first rotating machine M1 is to be rotated and the
second axis CL.2 about which the second rotating machine
MG2 is to be rotated are shown. In FIG. 2 showing that the
first rotating machine MG1 and the oil pump 45 are disposed
on the first axis CL1, a lattice part corresponds to a part in
which the stator core 50 of the first rotating machine MG1
is disposed, and a one-dot chain line indicates a part in which
the oil pump 45 is disposed. As shown in FIG. 2, a relief
valve 80 is provided in a position which is located on an
upper side of the first axis CL.1 and on an outer peripheral
side of the stator core 50 of the first rotating machine MG1.
When a hydraulic pressure of an oil supplied from the oil
pump 45 exceeds a predetermined value, the relief valve 80
is opened so as to discharge the oil into the motor room 51.
With the oil being discharged from the relief valve 80, the
hydraulic pressure of the oil supplied from the oil pump 45
is reduced whereby a hydraulic pressure circuit (to which the
oil is to be supplied as an original pressure from the oil pump
45) is protected. Further, as shown in FIG. 2, a strainer hole
82 is provided on a lower side of the first rotating machine
MG1, so as to serve as an inlet through which the oil stored
inside the casing 44 is to be pumped up.

FIG. 3 is a cross-sectional view of the casing cover 44c,
taken in a line A-A shown in FIG. 2. FIG. 3 shows oil
passages defined in only the casing cover 44c. In FIG. 3,
arrows indicate flow of the oil in the oil passage defined in
the casing cover 44¢. When the oil pump 45 is driven, the oil
pumped up through the strainer hole 82, and the oil is caused
to flow into the oil pump 45 through an oil passage 84 and
an inlet of the oil pump 45 and to flow out to an oil passage
88 from the oil pump 45 through an outlet of the oil pump
45. The oil flowing out from the oil pump 45 is supplied to
the gear room 49 through an oil passage hole provided in a
pump rotor (now shown) by which the oil pump 45 is to be
driven, and also to an oil cooler 89 through the oil passage
88.

The casing cover 44c is provided with the relief valve 80
that is to be opened when the hydraulic pressure of the oil
flowing in the oil passage 88 exceeds a predetermined value,
so as to discharge the oil. The relief valve 80 is connected
to the oil passage 88 through a connecting oil passage 98.
FIG. 4 is an enlarged view of the relief valve 80 shown in
FIG. 3. As shown in FIG. 4, the relief valve 80 includes: a
cylindrical-shaped space in the form of a cylinder room 90
that is provided in a thick portion 91 that is a part of the
casing cover 44c; a sleeve 92 which is disposed inside the
cylinder room 90 and which is fitted in an inner wall 90a of
the cylinder room 90 such that the sleeve 92 is slidable
relative to the inner wall 90a of the cylinder room 90; a
spring 94 which is disposed inside the sleeve 92 and which
constantly forces or biases the sleeves 92 toward a valve
closing position that closes the relief valve 80; and a plate
member 96 which closes an opening 99 of the cylinder room
90.

The thick portion 91 of the casing cover 44¢ protrudes in
the direction of the rotation axis CL, and has a predeter-
mined thickness in the direction of the rotation axis CL. The
cylinder room 90 is a cylindrical-shaped space provided in
the thick portion 91. The cylinder room 90 has a bottom wall
905 that faces a connecting oil passage 98 communicating
with the oil passage 88 provided in the casing cover 44c.
Further, the cylinder room 90 has the opening 99 that is
closed by the plate member 96.
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The sleeve 92 has a bottom plate portion 92a and a
cylindrical portion 926 that extends substantially perpen-
dicularly from an outer peripheral edge of the bottom plate
portion 92a. The bottom plate portion 92a is normally in
contact with the bottom wall 905 of the cylinder room 90.
The cylindrical portion 925 is slidably fitted in the inner wall
90a of the cylinder room 90, so that the sleeve 92 is movable
within the cylinder room 90 in the direction of the rotation
axis CL (corresponding to a vertical direction of the drawing
sheet), i.e., a direction substantially perpendicular to a
mating surface 110 (see FIG. 2) of the casing cover 44c.

The spring 94 is a coil spring that is disposed inside the
cylindrical portion 925 of the sleeve 92 in the cylinder room
90. The spring 94 is in contact at its longitudinally opposite
ends with the plate member 96 and the bottom plate portion
92a of the sleeve 92. The spring 94, which is received in the
cylinder room 90, is pre-loaded to bias or constantly force
the sleeve 92 toward the bottom wall 906 of the cylinder
room 90.

The plate member 96, which closes the opening 99 of the
cylinder room 90, is fixed onto a top portion 91a of the thick
portion 91 through a screw bolt 100 (see FIG. 5).

FIG. 4 shows a state in which the hydraulic pressure of the
oil flowing in the connecting oil passage 98 is low. In this
state, the force of the spring 94 is larger than a force which
is based on the hydraulic pressure of the oil and which forces
the sleeve 92 in a direction away from the bottom wall 905,
so that the bottom plate portion 92a of the sleeve 92 is in
contact with the bottom wall 905, whereby the relief valve
80 is in its closed state, namely, communication between the
cylinder room 90 and the connecting oil passage 98 is cut
off.

On the other hand, when the hydraulic pressure of the oil
flowing in the connecting oil passage 98 exceeds the pre-
determined value, the sleeve 92 is moved against the force
of the spring 94 in the direction away from the bottom wall
905 (i.e., upward direction in the drawing sheet), whereby
the cylinder room 90 and the connecting oil passage 98 are
brought into communication with each other, so that the oil
flowing in the connecting oil passage 98 is caused to flow
into the cylinder room 90. The oil flowing into the cylinder
room 90 is released toward the motor room 51 through first
and second cutouts 104a, 1045, which are provided in the
thick portion 91 as described below.

FIG. 5 is a view showing the relief valve 80, as seen in the
direction of the rotation axis CL, namely, a direction per-
pendicular to the mating surface 110 of the casing cover 44c.
FIG. 6 is a perspective view of the relief valve 80. As shown
in FIGS. 5 and 6, the casing cover 44c¢ includes the thick
portion 91 having the predetermined thickness in the direc-
tion of the rotation axis CL. The predetermined thickness of
the thick portion 91 in the direction of the rotation axis CL,
is large enough to provide the cylinder room 90 in the thick
portion 91. The plate member 96 is fixed to the top portion
91a having a flat surface, through the screw bolt 100.
Further, as shown in FIG. 5, the cylinder room 90 as a
cylindrical space, which is indicated by broken line, is
provided in a portion of the thick portion 91 which is
covered by the plate member 96. Still further, the sleeve 92
and the spring 94 indicated by respective broken lines are
received in the cylinder room 90.

Further, the thick portion 91 is provided with a pair of
cutouts 104a, 1045, i.e., the first and second cutouts 1044,
1045 that communicate with the inner wall 90a of the
cylinder room 90. The first and second cutouts 104a, 1045
are disposed in respective positions that are symmetrical
with each other with respect to a center Ce of the cylinder
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room 90, as viewed in the direction of the rotation axis CL,
i.e., the direction perpendicular to the mating surface 110 of
the casing cover 44c. That is, the first and second cutouts
104a, 1045, which are provided in the thick portion 91, lie
on a straight line Le passing through the center Ce of the
cylinder room 90, as viewed in the direction perpendicular
to the mating surface 110 of the casing cover 44c. It is noted
that the first and second cutouts 104a, 1045 correspond to
“at least one cutout” recited in the appended claims.

Each of the first and second cutouts 104a, 1045 is formed
to extend from the inner wall 90a of the cylinder room 90 in
the direction substantially perpendicular to the rotation axis
CL. That is, each of the first and second cutouts 104a, 1045
is formed to extend along the straight line Le which passes
through the center Ce of the cylinder room 90 and which is
substantially perpendicular to the rotation axis CL. Thus,
each of the first and second cutouts 104a, 1045 communi-
cates between the inner wall 90q of the cylinder room 90 and
an outer wall of the thick portion 91. Further, each of the first
and second cutouts 1044, 1045 is formed to extend from the
top portion 91a of the thick portion 91 to the same depth as
the bottom wall 905 of the cylinder room 90 (or to the same
depth as vicinity of the bottom wall 905) in the direction of
the rotation axis CL, i.e., the direction perpendicular to the
mating surface 110 of the casing cover 44¢. Therefore, the
oil flowing into the cylinder room 90 is released toward the
motor room 51 via the first and second cutouts 104a, 1045.

The casing cover 44c¢ is provided with a first rib 106a
which is located in a position opposed to the first cutout
104a in a direction of the straight line Le, and which extends
in the direction of the rotation axis CL, i.e., the direction
substantially perpendicular to the mating surface 110 of the
casing cover 44¢. The first rib 1064 as well as the first cutout
104a lies on the straight line Le, so as to be opposed to the
first cutout 104 in the direction of the straight line Le.
Further, the casing cover 44c¢ is provided with a second rib
1065 which is located in a position opposed to the second
cutout 1045 in the direction of the straight line Le, and which
extends in the direction of the rotation axis CL, i.e., the
direction substantially perpendicular to the mating surface
110 of the casing cover 44¢. The second rib 1065 as well as
the second cutout 1045 lies on the straight line Le, so as to
be opposed to the second cutout 1045 in the direction of the
straight line Le. FIG. 7 is a view showing a state in which
the above-described plate member 96, sleeve 92 and spring
94 are removed, as seen in the direction of the rotation axis
CL, as the view of FIG. 5. FIG. 8 is a cross-sectional view
taken in a line B-B shown in FIG. 7. It is noted that the first
and second ribs 1064, 1065 correspond to “at least one rib”
recited in the appended claims.

As shown in FIG. 7, the thick portion 91 is provided with
the cylinder room 90 that is the cylindrical space, and also
the first and second cutouts 104a, 1045 that are in commu-
nication with the cylinder room 90. Further, the casing cover
44c¢ is provided with the first and second ribs 1064, 1065
which lie on the straight line Le passing through the center
Ce of'the cylinder room 90 and which are opposed to the first
and second cutouts 104a, 1045, respectively, in the direction
of the straight line Le. As shown in FIG. 8, each of the first
and second ribs 1064, 1065 extends substantially perpen-
dicularly to the mating surface 110 of the casing cover 44c.
The first rib 1064 has a first opposed surface 1084 which is
opposed to the first cutout 104a and which is substantially
perpendicular to the mating surface 110 of the casing cover
44c¢. The second rib 1065 has a second opposed surface 1085
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which is opposed to the second cutout 1045 and which is
substantially perpendicular to the mating surface 110 of the
casing cover 44c.

There will be described advantageous effects provided
owing to provision of the above-described first cutout 104a,
second cutout 1045, first rib 1064 and second rib 1065. As
described above, when the hydraulic pressure of the oil
flowing in the connecting oil passage 98 exceeds the pre-
determined value, the relieve valve 80 is opened whereby
the oil flowing in the connecting oil passage 98 is caused to
flow into the cylinder room 90. In this instance, since the
thick portion 91 is provided with the first and second cutouts
104a, 1045 each of which communicates between the inner
wall 90a of the cylinder room 90 and an outer wall of the
thick portion 91, the oil flowing into cylinder room 90 is
caused to flow out toward the motor room 51 through the
first and second cutouts 104a, 1045. When flowing out
toward the motor room 51 through the first and second
cutouts 104a, 1045, the oil is caused is flow along the
straight line Le on which the first and second ribs 1064, 1065
opposed to the respective first and second cutouts 104a,
10454 are disposed. Therefore, the oil flowing out through the
first cutout 1044 collides with the first opposed surface 108a
of the first rib 106a, whereby a direction of the flow of the
oil is changed to the direction of the rotation axis CL, i.e.,
the direction substantially perpendicular to the mating sur-
face 110 of the casing cover 44¢. Similarly, the oil flowing
out through the second cutout 1045 collide with the second
opposed surface 1085 of the second rib 1065, whereby a
direction of the flow of the oil is changed to the direction of
the rotation axis CL, i.e., the direction substantially perpen-
dicular to the mating surface 110 of the casing cover 44c.

In FIG. 8, arrows indicate the above-described flow of the
oil. With the oil being released as indicated by the arrows in
FIG. 8, the oil is released toward the first rotating machine
MG1 disposed in the motor room 51, in the direction of the
rotation axis CL. Consequently, the oil discharged from the
relief valve 80 is caused to reach even an end portion of the
first rotating machine MG, which is remote from the casing
cover 44c in the direction of the rotation axis CL, so that the
first rotating machine MG1 can be efficiently cooled by the
oil discharged from the relief valve 80. For example, a
portion of the stator core 50, which is located in a region
surrounded by broken line on an upper side of the first axis
CL1 in FIG. 2, can be efficiently cooled by the oil discharged
from the relief valve 80 through the first cutout 104a.
Further, a portion of the stator core 50, which is located in
another region surrounded by another broken line in FIG. 2
and which corresponds to a lower portion of the first rotating
machine MG1, can be efficiently cooled by the oil dis-
charged from the relief valve 80 through the second cutout
1045. The first rotating machine MG1 can be advanta-
geously cooled, particularly, with the oil discharged from the
relief valve 80 being released toward the portion of the stator
core 50 corresponding to the lower portion of the first
rotating machine MG1, wherein this portion of the stator
core 50 (corresponding to the lower portion of the first
rotating machine MG1) is unlikely to receive an oil released
from a coolant pipe (not shown) that is provided on an upper
side of the first rotating machine MG1.

Further, since the oil discharged through the first and
second cutouts 104a, 1045 collides with the first and second
ribs 106a, 1065, it is possible to prevent the oil discharged
through the first and second cutouts 104a, 1045, from being
applied directly to the mating surface 110 of the casing cover
44c. Further, since the oil discharged through the first and
second cutouts 104a, 1045 collides with the first and second
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ribs 106a, 1065, it is possible to prevent the oil discharged
through the first and second cutouts 104a, 1045, from being
applied directly to a thermistor (thermally sensitive resistor)
112, which is provided in a portion surrounded by solid line
defining a rectangle in FIG. 2, so as to detect a temperature
of the first rotating machine MG1.

Further, since the first and second cutouts 104a, 1045 are
disposed in the respective positions that are symmetrical
with each other with respect to the cylinder room 90, the oil
is discharged from the cylinder room 90 through the posi-
tions symmetrical with each other. Therefore, in process of
discharge of the oil from the cylinder room 90 through the
first and second cutouts 104a, 10454, it is possible to suppress
inclination of the sleeve 92 relative to the inner wall 90a of
the cylinder room 90 and accordingly to reduce wears of the
sleeve 92 and the inner wall 90a of the cylinder room 90 that
are in sliding contact with each other.

Further, the plate member 96 includes a bent portion 96a,
as shown in FIGS. 5 and FIG. 6. The bent portion 964 is bent
in a direction substantially perpendicularly to a flat surface
portion of the plate member 96. The bent portion 96a is
engaged or fitted in the first cutout 104a so as to prevent the
plate member 96 (that is attached to the top portion 91a of
the thick portion 91) from being rotated relative to the thick
portion 91 about the screw bolt 100. Thus, the plate member
96 can be unrotatably fixed to the thick portion 91 even with
the single screw bolt 100.

As described above, in the present embodiment, when the
hydraulic pressure of the oil supplied from the oil pump 45
exceeds the predetermined value, the relief valve 80 is
opened whereby the oil is discharged through the first and
second cutouts 104a, 1045 provided in the thick portion 91.
Since each of the first and second ribs 1064, 1065 is disposed
in the position opposed to the corresponding one of the first
and second cutouts 104a, 1045, the oil discharged through
the first and second cutouts 104a, 1045 collides with the first
and second ribs 1064, 1065 whereby the direction of flow of
the oil is changed to the direction of the rotation axis CL.
Consequently, the oil is released toward the first rotating
machine MG1 in the direction of the rotation axis CL so that
the first rotating machine MG1 can be efficiently cooled by
the oil discharged from the relief valve 80.

Further, in the present embodiment, each of the first and
second cutouts 104a, 1045 extends along the straight line Le
which passes the center Ce of the cylinder room 90 and
which is substantially perpendicular to the rotation axis CL,
so that the oil discharged from the cylinder room 90 through
the first and second cutouts 104a, 1045 is released along the
straight line Le. Further, the first and second ribs 1064, 1065
is disposed in the position that overlaps with the straight line
Le, so that the oil discharged through the first and second
cutouts 104a, 1045 collides with the first and second ribs
106a, 1065 whereby the direction of flow of the oil is
changed by the first and second ribs 106a, 1065 to the
direction of the rotation axis CL. Further, the first and
second cutouts 104a, 1045 are disposed in the respective
positions that are symmetrical with each other with respect
to the center Ce of the cylinder room 90, as viewed in the
direction of the rotation axis CL, so that the oil is discharged
through the first and second cutouts 104a, 1045 disposed in
the respective positions that are symmetrical with each
other. Consequently, it is possible to suppress inclination of
the sleeve 92 disposed in the cylinder room 90, and accord-
ingly to reduce wear that could be caused by collision of the
inclined sleeve 92 with the inner wall 90a of the cylinder
room 90. Moreover, the plate member 96 is prevented from
being rotated, by the bent portion 964 of the plate member
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96 that is fitted in the first cutout 104a, so that the plate
member 96 can be fixed to the thick portion 91 with the
single screw bolt 100.

While the preferred embodiment of this invention has
been described in detail by reference to the drawings, it is to
be understood that the invention may be otherwise embod-
ied.

For example, in the above-described embodiment, the oil
discharged from the relief valve 80 is adapted to be released
toward exclusively the first rotating machine MG1 in the
direction of the rotation axis CL. However, the oil dis-
charged from the relief valve 80 may be adapted to be
released toward the second rotating machine MG2.

In the above-described embodiment, the thick portion 91
is provided with the first and second cutouts 104a, 1045.
However, the number of the cutouts does not necessarily
have to be two, but may be only one or three or more, for
example.

In the above-described embodiment, the first and second
cutouts 104a, 1045 are disposed on the straight line Le
passing through the center Ce of the cylinder room 90, in
other words, a straight line connecting between the first
cutout 104a and the center Ce of the cylinder room 90 and
a straight line connecting between the second cutout 1045
and the center Ce of the cylinder room 90 define 180°
therebetween. However, this arrangement is not essential.
That is, the straight line connecting between the first cutout
104a and the center Ce of the cylinder room 90 and the
straight line connecting between the second cutout 1045 and
the center Ce of the cylinder room 90 may define an angle
other than 180° therebetween.

In the above-described embodiment, each of the first and
second opposed surfaces 108a, 1085 is substantially per-
pendicular to the mating surface 110 of the casing cover 44c.
However, each of the first and second opposed surfaces
108a, 1085 does not necessarily have to be perpendicular to
the mating surface 110 of the casing cover 44c. That is, an
angle each of the first and second opposed surfaces 108a,
1085 with respect to the mating surface 110 may be adjusted
or changed as needed such that the direction of the flow of
the oil that collides with the first and second opposed
surfaces 108a, 1085 is changed to the direction of the
rotation axis CL such that the oil can reach a target portion
of the rotating machine.

In the above-described embodiment, the oil pump 45 is
disposed on the first axis CL.1 about which the first rotating
machine MG1 is to be rotated. However, the oil pump 45
does not necessarily have to be disposed on the first axis
CL1. For example, the oil pump 45 may be disposed on the
second axis CL.2 about which the second rotating machine
MG?2 is to be rotated, such that the oil pump 45 is to be
driven by rotation of the rotor shaft 64 of the second rotating
machine MG2.

In the above-described embodiment, the cylinder room 90
has a cylindrical shape. However, the cylinder room 90 does
not necessarily have to have the cylindrical shape but may
have a quadrangular prism shape or other shape. That is, the
shape of the cylinder room 90 may be changed as need as
long as the changed shape allows the sleeve 92 to slide on
the inner wall 90a of the cylinder room 90.

In the above-described embodiment, the vehicle driving
apparatus 10 is to be provided in the hybrid vehicle in which
the engine 12 and the second rotating machine MG2 serve
as the drive power sources for driving the vehicle. However,
the present invention may be applied also to an electric
vehicle in which only a rotating machine serves as the drive
power source, for example.
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It is to be understood that the embodiment described
above is given for illustrative purpose only, and that the
present invention may be embodied with various modifica-
tions and improvements which may occur to those skilled in
the art.

NOMENCLATURE OF ELEMENTS

10: vehicle driving apparatus

44c: casing cover (cover)

: oil pump

: relief valve

: cylinder room

: thick portion

: sleeve

: spring

96: plate member

96a: bent portion

104a: first cutout (cutout)

10454: second cutout (cutout)

106a: first rib (rib)

1064: second rib (rib)

MGT: first rotating machine (rotating machine)
MG?2: second rotating machine (rotating machine)
CL: rotation axis

Ce: center of cylinder room

Le: straight line

What is claimed is:

1. A vehicle driving apparatus comprising:

a rotating machine;

a cover covering the rotating machine and including a
thick portion having a predetermined thickness in a
direction of a rotation axis of the rotating machine;

an oil pump attached to the cover; and

a relief valve provided in the cover, and configured to
discharge an oil supplied from the oil pump when a
hydraulic pressure of the oil exceeds a predetermined
value,

wherein the cover is disposed to be adjacent to the rotating
machine in the direction of the rotation axis of the
rotating machine, and has an attitude substantially
perpendicular to the rotation axis,

wherein the relief valve includes a cylinder room that is
provided in the thick portion,

wherein the thick portion is provided with at least one
cutout extending from an inner wall of the cylinder
room in a direction substantially perpendicular to the
rotation axis,
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wherein the cover is provided with at least one rib, the at
least one rib being disposed in a position opposed to a
corresponding one of the at least one cutout in a
direction perpendicular to the rotation axis of the
rotating machine, and extending in the direction of the
rotation axis,
wherein the at least one cutout includes a first cutout and
a second cutout that are disposed in respective positions
that are symmetrical with each other with respect to a
center of the cylinder room, as viewed in the direction
of the rotation axis, and
wherein the at least one rib includes a first rib and a
second rib that are disposed in respective positions that
are opposed in a direction perpendicular to the rotation
axis of the rotating machine to the first cutout and the
second cutout, respectively, as viewed in the direction
of the rotation axis.
2. The vehicle driving apparatus according to claim 1,
wherein the at least one cutout extends along a straight
line which passes a center of the cylinder room and
which is substantially perpendicular to the rotation
axis, as viewed in the direction of the rotation axis, and

wherein the at least one rib overlaps with the straight line,
as viewed in the direction of the rotation axis.

3. The vehicle driving apparatus according to claim 1,

wherein the relief valve includes: a sleeve which is

disposed inside the cylinder room and which is slidable
relative to the inner wall of the cylinder room; a spring
which is disposed inside the sleeve and which forces
the sleeve toward a valve closing position that closes
the relief valve; and a plate member which is attached
to a top portion of the thick portion and which closes an
opening of the cylinder room.

4. The vehicle driving apparatus according to claim 3,

wherein the plate member, which is attached to the top

portion of the thick portion, includes a bent portion that
is fitted in one of the at least one cutout.

5. The vehicle driving apparatus according to claim 1,
further comprising a motor room that houses the rotating
machine,

wherein the cylinder room of the relief valve is a chamber

into which the oil is to be discharged when the hydrau-
lic pressure of the oil exceeds the predetermined value,
and

wherein the cylinder room is in communication with the

motor room through the at least one cutout, such that
the oil discharged into the cylinder room is supplied to
the motor room through the at least one cutout.
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